Ground state forbidden transitions of npq ions of C, N, 0, Ne, Mg, Si, S, and Fe can provide important information on the state of cosmic ionized gases. Wavelengths of these lines are in the far-and near-UV visible and ~eru:-and far~IR regions of the spectrum. The line intensity ratios of particular transitions in q = 2, 4 ions ca~ provxde mformation on the temperature of the gas and in q = 3 ions information on the density of the gas. In the present work we have tabulated the line intensities of 95 transitions of these ions, which include those used to calculate the line ratios as well as other strong lines of the ions in the ground state terms in the same temperature and density ranges treated previously. These data can be used for calculations of the absolute line intensities if the ~onic abundances are known. We have also graphed 25 of the most interesting cases. These calculations are Important for studies of the solar transition region, ionized nebulae, circumstellar nebulae such as found in symbiotic stars, supernova remnants, interstellar bubbles produced by stellar winds, and emission regions in active galactic nuclei.
I. INTRODUCTION
Forbidden transitions in the ground state of npq ions can make a significant contribution to the cooling of the hot ( 10 4 :5 T :5 10 6 K) component of the interstellar medium. The strengths of these lines have been computed theoretically and applied to observations of gaseous nebulae (see Kafatos & Lynch 1980 , and references therein). Many of the lines examined in the literature are in the visible or near-ultraviolet (UV) region of the spectrum. However, forbidden lines in the far-UV as well as the near-and far-infrared (IR) regions of the spectrum have been studied for interstellar gas regions (e.g., Delmer, Gould, & Ramsay 1967; Jordan 1971; Flower & Nussbaumer 1975) , galaxies and the extreme ultraviolet (EUV) solar spectrum. Ratios of forbidden lines for particular transitions of an ion can provide a means of determining the temperature of the gas (Menzel, Aller, & Hebb 1941 ) or the density (Seaton 1954 ) of the gas.
A complete set of calculations for these forbidden lines was performed by Kafatos & Lynch ( 1980, hereafter Paper I) . In that work, detailed calculations of the relative populations of the levels of the ground state as a function of temperature and density were presented for the ions of C, N, 0, Ne, Mg, Si, S, and Fe with electron configurations npq, where n = 2, 3 and q = 1, 2, 3, 4, 5. Calculations of the line ratios were also performed and shown graphically. We solved the detailed balance equations in the ground state terms of 37 ions ofC, N, 0, Ne, Mg, Si, S, and Fe; tabulated the atomic data for 235 transitions of these ions and the relative populations of the various levels for temperatures where the ions are abundant and densities in the range 1-10 10 cm-3 ; and graphed 22 line ratios. Although these are not the only elements with npq ions, they are the most cosmically abundant heavy elements and their lines are expected in general to be stronger than less abundant elements. We also limited the study to ions which are expected to be important in the approximate temperature range 5 X 10 3 -2 x 10 6 K. These temperatures span the range in which the relevant ions are abundant (more than a few percent).
In this work, we present detailed calculations of the line intensities of95 forbidden line transitions, which include those used for line ratio calculations treated previously as well as other strong lines of these ions in the ground state terms. We have provided results for temperatures where the ions are abundant (above 5% relative ionic abundance) in the same temperature range treated previously. Radiative cooling of the hot plasma is high in this range, and it achieves its maximum value at T = 10 5 K (Cox & Tucker 1969; Kafatos 197 3). The solar transition region and the interstellar gas under widely different conditions lie in this range: H 11 regions and planetary nebulae at the low end of the temperature range; cooling supernova shocks in the isothermal phase (Spitzer 1978) ; interstellar bubbles at the high end of the temperature range (Castor, McCray, & Weaver 1975) ; and AGN emission-line regions (see Osterbrock & Mathews 1986) . We calculated line intensities using densities in the range 1-10 10 cm-3 • Moreover, the results depend on the values of the electron density, temperature, ionic abundance, and chemical abundance.
With the information in this and the previous work, the researcher can calculate the absolute line intensity of any transition in the ground state terms for the ions treated if the relative ionic abundance is known. We also present 25 graphs of The line intensity can be found from the following equation (see Paper I), where A .. is the radiative transition probability from the upper level j t~' the lower level i, ~is the relative population of level j, NAI, Cz is the relative ionic abundance of ion wit~ charge Z of element with atomic number A, NA is the chemical abundance with respect to hydrogen, vj; is the frequency of_the tra~ sition, NHe is the relative chemical abundance of~ehum, n I~ the total number density of hydrogen and hehum nuclei (where n = nH + nHe em -J), and L is the path_length thro~gh the line emitting region. We use the convention that capital letters N refer to relative abundances while lower case letters n refer to number densities.
It is obvious from equation ( 1) that the line intensity can be determined once the relative populations of the levels have been computed and if the ionic abundance is known. The latter depends on the specific region under consideration. (for example, purely collisional ionization would produce a dia:erent abundance from radiative ionization, etc.). The relative population of the level ~ is a function of temperature and density only.
. . It is evident from equation ( 1) that the relative populations N are needed to calculate the term on the left side of the equalit~. In Paper I, we computed the relative populations~. j = 1, 2, 3, 4, 5 for the n = 2, 3 and q = 2, 3, 4 npq ions, and the relative populations ~, j = 1, 2 for the n = 2, 3 a?d q = 1, 5 npq ions, where it was assumed that cascades from higher levels do not populate the ground state levels. For the exact sequence of the lowest level and excited levels see Paper I.
The atomic data needed to compute ~are the energy differences between levels for the relevant transitions, the radiative transition probabilities, and collision strengths. The p~evious work also provides a complete discussion of the atomic data used and the sources of this data as well as the formulae for the calculations of the relative populations in a five level npq ground state term. The ~ values are computed f~om t_he balance equations which give the relative number ofwns m each level j determined by balancing collisional_ e:ccitation fr~m l~v els itoj (i <j) and fromjto k (k> j), colhsw_n~ de-exci~a~on from levels k to j and from j to i, and radiative transitiOns from levels k to j and fromj to i. Here we have, however, used different and improved values for the wavelengths for some of the transitions provided in the tables compared to those val~es given in the previous work if a sou~e with ~ore extensive computations was available. These differences m wavelen~hs did not significantly affect the results co~~ared to the ~revwus calculations found in Paper I. For transitions of the Ions N I through S IX, Wiese, Smith, & Glennon ( 1966a , hereafter WSG 1966a , and 1966b , hereafter WSG 1966b were used as sources for wavelength data. For transitions of the ions S x and S xi Edlen ( 1972) was used. For transitions of the ions Fe XI thro~gh Fe XIII, Smith & Wiese ( 1973) was used. For transitions of the ions C II through S xu, WSG ( 1966b) was used.
Finally, for transitions of the ions Fe x and Fe XIV, the work of Czyzak, Aller, & Euwema ( 1974) was used.
RESULTS AND CONCLUSIONS
Using the data discussed in the previous section, we now present the results of our computations. Detailed results of the line intensity calculations are shown in Tables 1A-37 (see Ap- pendix B) : N I, Table 1 (letter designation, e.g., 1A, 1B, etc., indicates individual transitions for that ion); N II, 2; 0 I, 3; 0 II, 4; 0 III, 5; Ne III, 6; Ne IV, 7; Ne V, 8; Mg V, 9; Mg VI, 10; Mg VII, 11; Si VII, 12; Si VIII, 13; Si IX, 14; S II, 15; S III, 16; SIX, 17; S X, 18; S XI, 19; Fe XI, 20; Fe XII, 21; Fe XIII, 22; C II, 23; N III, 24; 0 IV, 25; Ne II, 26; NeVI, 27; Mg IV, 28; Mg VIII, 29; Si II, 30; Si VI, 31; SiX, 32; S IV, 33; S VIII, 34; S XII, 35; Fe X, 36; and Fe XIV, 37 . These line intensities were used previously to calculate the line ratios presented in Paper I. In each of the above tables we have provided the data in terms of the negative logarithm of the term lj;/ n 2 NA,z for various values of the logarithm of temperature Tand the logarithm of density n.
We present the results as a function of the total density n rather than ne because the electron number density could vary in a time-dependent situation as the gas recombined and could not be used as a general parameter. Below T = 10 4 K the results are, therefore, strictly correct for a gas that is cooling radiatively (see Kafatos 1973; Shapiro & Moore 1976) , although the results should also apply with satisfactory agreement to cases where there is no time variation of the electron density (like H II regions). Also, our results apply generally for T~ 10 4 K independently of the ionizing process. Since specific ions persist over a larger temperature range in the time-dependent case compared to the steady-state ionization case (in which recombinations balance collisional ionizations), the temperature ranges given in Tables 1A-37 should be adequate for most purposes. Forbidden line intensity ratios of the same ion can provide accurate determinations of densities and temperatures. For ions with ground state configuration q = 3, the line intensity ratio 1ens,2-4 S3,2)/Ien3,2-4 s3,2>
shows strong density dependence for the following reason: !fan ion has two energy levels close to each other, then the ratio of the excitation rates is simply a ratio of the collision strengths. If the radiative transition probabilities or the collisional de-excitation rates are different, then the ratio of the relative populations of these two levels will depend on the density, and thus the ratio of the line intensities depends on the density. (See Osterbrock 1974.) Both 2 D-4 S lines are provided in thetables.
For ions with ground state configuration q = 2, 4, the line intensity ratio No.4, 1991 FORBIDDEN LINES OF npq IONS. II. 1171 shows temperature dependence for the following reason: the energy difference between the 1 S 0 and 1 D 2 levels is large enough so that the relative populations will depend on temperature, as will the ratio of the line intensities arising from these two levels.
In the present work, two line intensities for the 1 D -3 P transitions are shown in addition to the line intensity for the 1 S-1 D transition. The 1 D 2 -3 P 0 transition is neglected because of the relatively weaker transition probability. For ions with ground state configuration q = 1, 5, the single transition line intensity is given. An extra table for the strongest line other than the transitions mentioned above in the range 912-3200 A for each ion with configuration n = 2, 3 and q = 2, 3, 4 is also given, if available. If two strong lines of the same ion are within a few angstroms we included both in separate tables. Where the previous work provided information for the temperature range where the ion is most abundant (above 5% relative ionic abundance), in the current work we have provided the same temperature limits, and, if the temperature range is near 10 4 K and was not provided before, we have extended the temperature range to include this data point in the tables (e.g., for ions up to and including C n, N ill, 0 IV, NeVI, Mg v, Sin, and S IV).
In The line intensities presented in Figures 1-25 were chosen from the data for graphical representation because they showed either a strong temperature or density dependence. We graphed the logarithm of the term~;/ n 2 NA,z versus either logarithm of density or logarithm of temperature, the criteria being whether this term showed a greater variation with density or temperature. If this term was graphed versus the logarithm of density, graphs for several temperatures are given on the same graph corresponding to all points available in the accompanying table. Likewise, if this term was graphed versus the logarithm of temperature, graphs for several densities are given on the same graph corresponding to all points available in the table. The range of the logarithm of density is from 0 ( n = 1 cm-3 ) to 10 (n = 10 10 cm-3 ). The range of the logarithm of temperature corresponds to the temperature range where the ionic abundance is greater than 5% and, in some cases, extends through 10 4 K as discussed earlier. ' ":"
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.... ..... Vol. 76 10 tions can be used for diagnostic purposes to determine the temperatures and densities of hot cosmic plasmas in the temperature range 5 X 10 3 -2 X 10 6 K. Even though radiative cooling is very strong in this range, little information on the forbidden line emission from cosmic gases for temperatures above 10 5 K exists, although the 0 VI observations indicate that a sizable portion of the interstellar medium is in this hot state.
It is hoped that the results presented here will be useful to researchers in the UV, visible, and IR fields. If different calculations are desired, they can be easily obtained from the data provided here and in the previous work (Paper I).
APPENDIX A SAMPLE CALCULATION FOR FORBIDDEN LINE INTENSITIES
Intensity~; = Aj;NjNA.zNA vji 1 ll.r -4 ergs em s sr ,
where Aj; is the radiative transition probability from upper level j to lower level i, Nj is the relative population oflevel j, NA.z is the relative ionic abundance of ion with charge Z of element with atomic number A, NA is the relative chemical abundance (with respect to hydrogen), vj; is the frequency of transition(= c/Xji where Xj; is the wavelength of transition), n is the total number density of hydrogen and helium nuclei (in cm-3 ), NHe is the relative chemical abundance of helium, and Lis the path length through the line emitting region. The relative population of the level (Nj) is a function of temperature and density only.
For the transition 1 D 2 -3 P 2 ,j = 4 and i = 3. Then, for temperature T = 10 4 · 3 K and density n = 10 6 cm-3 , we have 
APPENDIX B
The terms~;/ n 2 NA,z are given for different temperatures and densities. The tables are ordered from N 1 through Fe XIII (the q = 2, 3, 4 ions), Tables 1-22 ; and from C II through Fe XIV (the q = 1, 5 ions), Tables 23-37. The letter designations on the tables refer to individual transitions for that ion.
The temperature range was chosen so that the relative ionic abundances in the time-dependent cooling case (see text) were above -5%. These temperature ranges should be adequate for most purposes. Extrapolations to temperatures outside the given range can be carried out if desired. The results are presented as a function of the density n rather than ne, the density being the parameter which does not change even if the gas recombines. Below T = 10 4 K, the results are strictly correct for a gas that is cooling radiatively, although the results should roughly be applicable to cases where there is no time variation of ne (like H II regions). The units of~; are ergs cm-2 s-1 sc 1 and normalized to L = 3.085 X 10 18 em (1 pc). WAVElENGTH (A) 297200 WAVElENGTH ( 706953  7o6953  706961  707873  9o0933  408 Oo 0000  706927  706927  706927  706934  708206  902539  509 0 0 0 oo 0 701939  701939  7ol936  7ol808  707266  9o6620  4o3 oo OOoo  802182  802182  802180  802159  803751  9o9127  507 0 0 0 0 0 0 701218  7ol218  701214  701048  707158  906709  400 00 oo 00  902098  902098  902097  902024  903820 TABLE I lA  TABLE 12A loNMg VII 
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